one felt justified in suggesting that a mistake had been made. You will recall that it was thought at that time that two viruses were concerned in the causation of mouse hepatitis, one much more stable than the other, and that it was the labile component which was susceptible to the antibiotics. It has since been shown, however, that the labile partner in the causation of mouse hepatitis is not a virus at all but a protozoan, an eperythrozoon found as a parasite in mouse stocks (Niven, Gledhill, Dick, and Andrewes, 1952) . Another finding out of line with the uniform insusceptibility of the viruses to antibiotics is the efficacy of aureomycin and terramycin in " grey lung disease" of mice and cotton rats. This condition is thought to be due to a virus (Andrewes and Glover, 1945 ), yet not only will these two antibiotics cure this disease in the affected rodents, but in doing so they also eradicate the infective agent. This last fact alone should make one (Weiss, 1950) and with the virus of lymphogranuloma venereum (Hurst, Landquist, Melvin, Peters, Senior, Silk, and Stacey, 1953) .
The Possible Mode of Viral Multiplication
The striking contrast between the behaviour of the typical viruses and the agents of the psittacosislymphogranuloma group towards sulphonamides and the antibiotics arouses speculation as to its possible significance. One realizes of course that this is one of the reasons for removing the latter group of infective agents from the viruses and classifying them with the rickettsiae, a procedure which has received the sanction of the majority of those who have studied the subject. But does this necessarily mean that viruses and rickettsiae differ fundamentally in their nature and make use of entirely different procedures for their reproduction ? Might it not be that the difference was more apparent than real and that the viruses had merely progressed further on the downward path of adaptation to parasitism ? This would be more in keeping with the Laidlaw-Green hypothesis of the nature of viruses, and the increasing dependence on the enzyme systems of the " parasitized " cells would account for the insensitivity of virus to the sulphonamides and antibiotics. The difference between rickettsiae and viruses might be a quantitative rather than a qualitative one. In an attempt to answer these questions I propose to consider with you some of the recent work on the mode of virus multiplication.
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May I consider these points in turn with you ? It was Hoyle, I think, who first drew attention to the fact that the growth curve of influenza A virus was step-wise and not exponential, and the same has been shown to be the case with other animal viruses such as herpes (Modi and Tobin, 1954) , mouse-pox (Nossal and de Burgh, 1953) and pneumonia virus of mice (Ginsberg and Horsfall, 1951) and others. When influenza virus is introduced into the allantoic cavity of the embryonated egg it rapidly disappears from the allontoic fluid, being taken up presumably by the allantoic cells, and by the end of the first hour from 70 to 90% of the inoculum has disappeared. New infective virus does not appear in the allantoic fluid until some six hours after infection, but when it does so it rapidly increases in quantity, reaching a peak about the eighth hour (Fig. 3) . For steeply. This step-wise increase in virus has been taken to indicate that the virus is not multiplying by binary fission but in a cyclical manner, each cycle in the case of influenza A virus occupying about eight hours. In criticism of this interpretation it has been argued that the step-wise nature of the curve merely reflected the intracellular habit of growth of the virus and was due to the breakdown of the infected cells with the liberation of their viral content at the end of a cycle. This argument may possibly lose some of its force should it prove, as it is now claimed, that breakdown of the cell is not essential for liberation of the contained virus. And Hoyle's (1950) claim that the complete influenza virus is formed at the surface of the infected cells, which is supported by Wyckoff's findings with the electron microscope (1951), suggests that there may be something in this idea. It is difficult, therefore, to decide at this juncture whether or not the peculiar shape of the growth curve is inconsistent with a virus multiplying by binary fission. The so-called eclipse, when for a time after infection little or no infective virus can be recovered from the cells which the virus has entered, is an essential feature of the modern conception of virus multiplication; it is during this period that replication of non-infective sub-units is thought to take place. In the case of influenza virus this phase in its development has been intensively studied, and Hoyle (1953) in this country has played a leading part in this work and in the interpretation of the facts which it has brought to light. There is a series of tests, in addition to that for infective virus, which can be used for this purpose. The so-called soluble or S antigen, which is smaller in size than the virus particle and occurs separately from it, can be detected by the complement-fixation test. Influenza virus agglutinates the red cells of certain species and will still do so when it has been rendered non-infective by certain means ; inactive virus will also interfere with the multiplication of homologous virus. The specific or V antigens of the influenza virus will also fix complement with influenza antisera. Hoyle has made use of all these tests in investigating the eclipse phase. We have seen already that only a small fraction of the infecting virus which disappears from the allantoic fluid and passes presumably into the chorio-allantoic membranes can be recovered from them and that infective virus does not reappear in the fluid until about the seventh or eighth hour after infection at the completion of the cycle. Hoyle (1952) finds that soluble antigen makes its appearance in the membranes about the end of the second hour and that haemagglutinin can be extracted from them one or two hours later (Fig. 4) . About this time-the end of the fourth and beginning of the fifth hourthe complement-fixation test for the specific antigen becomes positive, and shortly after this the com- Hoyle, 1952.) [ rates of multiplication of the adapted and unadapted strains one thing was abundantly clear: the adapted strains were much the better parasites. I would suggest that studies with strains of virus adapted and unadapted to a given cultural environment and paying particular attention to the early hours of multiplication might be rewarding. In the case of herpes virus also there is an indication that the eclipse is no more than a lag period in which varying amounts of virus die by the way. It has been shown that when herpes virus is grown on the chorio-allantois (Scott, Coriell, Blank, and Gray, 1953; Modi and Tobin, 1954) or in tissue culture (Modi and Tobin, 1954) (Hurst, Melvin, and Peters, 1952) of the quite remarkable therapeutic activity of mepacrine in equine encephalomyelitis and rift valley fever in the mouse. Incidentally this substance proved quite inactive against equine encephalomyelitis in the chick embryo. However, Hurst (1952) lists a number of substances which have been found to inhibit virus growth in tissue culture, some of which have not been without some action in the animal. It seems to me, therefore, that with a more exact knowledge of the way in which viruses multiply in the cell and of their metabolic requirements, the possibility of interfering with their growth cycle by means of biological and other agents would be brought nearer realization. And it seems to me also that, should it prove that some of the typical viruses reproduce by binary fission and not by replication of non4infective sub-units, the chance of finding effective chemotherapeutic procedures against them would be to that extent brighter, since it would suggest that they had not so completely identified themselves with the parasitized cells. The truth will emerge in time, and for the moment signs are not wanting that chemotherapeutic measures against virus infections are within the bounds of possibility.
